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FLUID TREATMENT SYSTEM ' > 

FIELD OF THE INVENTION 

This invention reiates to a system for treating fluids, and more 
particularly/to a system for trea^^ 

5 BACkGROUND OF THE INVENTION : ; 

DisinfeGtion of fluids (e.g., potable water) is often desired in 
residential, Gommercial, and industrial environrnients. For example, Gheniical 
additives such as ozone and chlorine haVe been used as water disinfectahts; 
however/ such additives when used alone may be Gbstly or limited in 
10 effectiveness. Mercury vapor lamps have also been used to disinfect fluids; 
however; the installation and maintenan 
. disinfection systems may also be vei^ cos 

Ah additional issue in conventional systems is that the piping 
that houses the fluid to be disinfected, or at least some portions of the piping 

15 or. other carrier, should be periodically cleaned. A problem that exists in 
periodically cleaning is that it may be unclear at what interval the piping or 
other surface should be cleaned. As such, cleaning may be performed at 
excessive intervals, resulting in correspondingly excessive maintenance 
costs. Alternatively, such cleaning may be conducted only when a problem 

20 with the fluid is very evident, resulting in potential system downtime and 
incident costs (e.g., overtime costs, scheduling costs, material requisitioning 
costs, etc.). ' 
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As such/ it would be desirable to provide a fluid 
and/or disinfection system with improved efficiency, cost-effectiveness, and 
maintainability. , 

SUMMARY OF THE INVENTION 

In an exemplary embodiment of the present inviention, a system 
for exposing a fluid to UV energy for treatment of the fluid is provided: The : 
system includes a fluid passageway at least partialiy defined by a UV energy^ 
transmissive barrier. The system also includes at least one UN/ energy source 
positi(>hed to transmit UV energy through the UV energy transmissive barrier 
and into the fluid pa$sageway. Additidnally, at least one UV enlergy sensor is 
positioned to sense UV energy transrnW^ 

ti^ansmisive barrier. The sensor is configured to detect a reduced amiount of 
UV energy transmitted through the UV en0rg^^ 

■ In another exemplary embodiment of the present invention, a . 

method of exposing a fluid to UV energy for treatment of this fluid is 
provided. The nnethod includes transmitting UV energy through a UV energy 
transnriissive barrier and into a fluid passageway, thereby exposing fluid in 
the fluid passageway to UV energy. The method also includes sensing the 
amount of UV energy transmitted through the UV energy transmissive 
•barrier. - 

BRIEF DESCRIPTION OF THE DRAWINGS " 

Exemplary embodiments of the invention will be described with 
reference to the drawings, of which: 

Figure 1 is a perspective view of a portion of a system for 
exposing a fluid to UV energy in accordance with an exemplary embodiment 
of the present invention; 

Figure 2 is a side view of a UV energy source array in 
accordance. with an exemplary embodiment of the present invention; 



BWC-115US > 3 - 

Figure 3 is a top view of a portion of another system for 
exposing a fluid to UV energy in aceordance with an exemplary enibodiment 
of the present invention; 

Figure 4 is a perspective view of a portion of the system 
5 illustrated in Figure 3; ; • 

Figure 5 is a schematic diagram illustrating operation of yet 
another system for exposing a fluid to UV energy in accordance with ah 
exemplary embodiment of the present invention; and 

Figure 6 is a flow diagram illustrating a ni^ 
10 fluid to UV enerigy for treatment of the fluid in accordance with an exemplary . 
embodiment of the present invention: 

. DETAILED DESCRIPTION OF THE INVENTION 

Preferred features of selected embodiments of this invention will 
how be described with reference to the figures. It will be appreciated that 
15 . the spirit and scope of the invention is not limited to the embodiments 

selected for illustration. Also/ it should be noted that the drawings are not 
rendered to any particular scale or proportion. It is contemplated that any of 
the configurations and materials described hereafter can be modified within 
the scope of this invention. 

20 Referring to the figures generally, a system for exposing a fluid 

to UV energy for treatment of the fluid is provided. The system includes a 
fluid passageway 100, 300, 500a, 500b at least partially defined by a UV 
energy transmissive barrier 101, 302a, 511, 521, respectively. The system , 
also includes at least one UV energy source 106, 400, 512, 522 positioned to 

25 transmit UV energy through UV energy transmissive barrier 101, 302a, 511, 
521, respectively, and into the fluid passageway 100, 300, 500a, 500b, 
respectively. Additionally, at least one UV energy sensor 108 is positioned to 
sense UV energy transmitted through UV energy transmisive barrier 101. 
The at least one sensor 108 is configured to detect a reduced amount of UV 
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energy transmitted through UV energy transnnissive barrier 101, 302a, 511, 
■■• r521, .• -. . ' ' . ■ . ■ ^ 

In another exemplary embodiment of the present invention, a 
. method ;of exposing a fluid to UV energy for treatment of the fluid is . 
5 provided. The method includes a step 60^ of transmitting UV ienergy through 
a UV energy transmissive barrier 101, 3p2a, 511, 52i, and into a fluid 
passageway: 100, 300, 500a, 500b, thereby exposing fluid in thefluid - . : r . 
passageway 100, 300, 500a, 500b to UV energy. The method also includes a 
step 604 of sensing the amount of UV energy transmitted through this UV 
,10 energy ti^nsmiSsive^ barHe^ 

Referring specifically to Figure 1, UV energy transmissive barrier 
101 is provided for at least partially containing a .fluid flowing in a direction 
''d/' Fluid passageway 100 is at least partially. "defi 
barrier 101, where UV transmissive barrier 101 is at least partially 
15 constructed of a UV transmissive material (e.g., UV transmissive plexiglass, 
, UV tran$misslve glass, UV transnmissive quartz). Fluid passageway 100 and 
yV energy transmissive barrier 101 are surrounded by outer enclosure 102. 

It may be desirable to at least partially treat and/or disinfect the 
fluid flowing in fluid passageway 100. As such, a number of UV energy 
. 20 sources 106 (e.g., lights emitting diodes - LEDs) are provided to transmit UV 
energy through UV transmissive barrier 101 and into fluid passageway 100. • 
This UV energy, for exaniple, may be of a wavelength that substantially limits . 
the ability of bacteria in the fluid to reproduce,. According to the exemplary 
embodiment of the present invention illustrated in Figure 1, the UV energy 

25 sources 106 are provided on or adjacent an interior surface of outer 

enclosure 102 facing UV energy transmissive barrier 101 that defines fluid 
passageway 100. As such, UV energy transmitted from UV energy sources 
106 is transmitted towards the fluid through UV energy transmissive barrier 
101. For example, UV energy sources 106 may be positioned along th^^ 

30 . entire interior circumference of outer enclosure 102,;or a portion thereof, 
along a predetermined length of outer enclosure 102. This group of UV 
energy sources is referred to herein as a UV energy array. 
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Aecording to an exemplary embodiment of th 
invention, the portion of fluid passageway 100 defined by UV transmissive 
barrier 101 may be, for example, a UV transmissive plexiglass pipe. 

, In an alternative embodiment of the present invention, UV 
5 energy sources 106 may be positioned along an exterior.surface of outer 
enclosure 102, so long as outer enclosure 102 is at least partially UV 
transmissive. Further still, UV energy sources may be provided along an : 
interior surface of UV energy transmissive barrier 101 so long as the UV 
energy sources are substantially immune tp the effects of fluid immersion. 

10 After a certain period of operation, the system for exposing a 

fluid to yV energy descnbed herein may not be able to treat or disinfect the 
fluid adequately or the efficiency of such treatment may be reduced. For : 
example, fluid passageway 100 or UV energy tr^ may 
become contaminated and/or dirty such that an adequate amount of UV 

15 energy may not be transmitted to the fluid in fluid passageway 100 • 
Accordingly, it has been discovered that UV energy sensors 108 are 
advantageou$ly provided to measure the UV energy that is transmitted to 
and through the fluid in fluid passageway 1 00. For example, UV energy 
sensors 108 may be provided among UV ienergy sources 106 included in the 

20. : UV energy source array, as illustrated in Figure 1, 

In an.exemplary embodiment of the present invention/ UV 
energy sources 106 and UV enei-gy sensors 108 are provided around the 
entire interior circumference of outer enclosure 102. In such an 
embodiment, UV energy sensors 108 that are provided on one side of outer 

25 . enclosure 102 can receive UV energy transmissions from UV energy sources 
106 on the opposite side of outer enclosure 102. As such, when UV energy 
transmissive barrier 101 (or an area of fluid passageway 100) has 
accumulated scale or buildup along its sidewalls such that adequate UV 
energy can not be transmitted to treat the fluid efficiently, UV energy sensors 

30 can provide an appropriate indication, or commence an appropriate action 
(e.g., shut off fluid flow to fluid passageway 100). 
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Figure 1 also illustrates an annular gap 104 between UV energy 
transmissive barrier 101 and outer enclosure 102. By operating UV energy 
sources 106 to treat the fluid in fluid passageway 100, heat is generated 
which may cause scaling o^^ inside wall of UV energy 

transmissive barrier 101, Cooling gas (e.g., cool air) nriay be providiad in gap 
104 to reduce the heat generated; thereby reducing or substantially 
eHmihating this potential scaling and/or b^^^ 

X . Although Figure 1 illusitrates UV energy transnaissive barrier 101 
apd outer enclosure 102 as haying a substantially cylindrical shape, they are 
not linriited thereto. For example, W energy tr&nsmissive b^ may be 

a rounded pipe, ah ova| shaped pipe, or a barrier having a square or 
rectangular configuration. Further, outer enclosure 102 may be replaced by 
arcuate portions for supporting UV energy sources 106, straight supports for 
supporting UV energy sources 106, or other square or rectangular support 
structures, -'• ' ■ . 

Figure 2 illustrates UV energy source array 200 for yse in a . 
system for exposing a fluid to UV energy (e.g., to treat and/or disinfect the 
fluid). UV energy source array 200 includes UV energy sources 106 (e.g., 
LEDs) and UV-energy sensors 108. The number of UV energy sources 106 to 
be included in array 200, and the spacing of the UV energy sources 106, tan 
vary considerably. Further, the number of UV energy sensors 108, the 
spacing of UV energy sensors 108, and the position of UV enfergy sensors 
108, may aliso vary considerably. 

Factors that affect these UV energy source and UV Energy 
sensor design considerations include, for example, the flow rate of the fluid in 
a fluid passageway, the volume of fluid to be treated, and the energy 
required to treat the fluid in particular applications. The energy required will 
vary based pn the fluid flow rate, the fluid volume, the impurities or 
microorganisms in the fluid, and other factors. 

Although illustrated as haying a rectangular shape in Figure 2, 
UV energy source array 200 may have any of a number of shapes and 
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configurations. For example, the shape of UV energy source array 200 nnay 
be similar to the shape of the UV energy transmissive barrier defining the. 
fluid passageway (e.g., a cylindrical pipe-shaped UV energy transniissive 
barrier defining the fluid passageway may be surrounded by a cylindrical 
pipe-shaped UV energy source array 200), Alternatively, the shape ;6f UV . 
energy source array 200 may . be any of a number* of shapes sp long as 
adequate yv energy is transmitted to t^^^ -.^ 

UV energy sensors 108 used in conjunction with the present 
invention may be configured to constantly monitor the UV energy transmitted 
through the UV transmissive barrier. Alternatively, UV energy sensors 108 
may monitor the UV energy transmitted the UV transmissive barrier ; 

at predetermined intervals. ■ 

.In accordance with another exenriplary embodiment of the 
present Invention, Figure 3 illustrates fluid passageway 300 partially defined 
by side walls 301. This cgn optionally provide a wjer or flume configuration 
wjth a partially or completely open top. Fluid passageway 300 is also 
partially defined by apertures or slote 302 that are formed In side walls 301, 
where slot$ 302 are at least partially defined by walls 302a extiending into the 
passageway 30d; Fluid flows through fluid passageway 300 in direction "d." 
As fluid travels through fluid passageway 300 and collides with walls 302a, 
turbulehce is generated within the fluid such that the fluid is at least partially 
mixed. 

In the embodiment illustrated in Figure 3, at least a portion of 
wails 302a are constructed of a UV energy transmissive material such that UV 
energy may be transmitted through walls 302a and into the fluid flowing in 
fluid passageway 300. Although not illustrated in Figure 3, the passageway 
'300 can be modified such that the areas behind walls 302a (between walls 
302a and side walls 301) may be blocked or otherwise eliminated or reduced 
to reduce the stagnation of fluid in such areas, as desired. 

Figure 4 is a perspective view of fluid passageway 300^1^ 
embocliment, UV energy source arrays 400. are provided in each of apertures 
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302 (i.e., slots 302). For example, UV energy source array 400 may be 
similar in design to UV energy source array described by reference to Figure 
2; . Because at least a portion of walls 302a (illustrated in Figure 3) are 
constructed of a UV energy transmjssive m^ 
5 transmitted from UV energy siource arrays 400 to the fluid flowing In fluid 
passageway 300r Additionally, because walls 302a are disposed at angles 
with respect to the i^emalnder of fluid passageway 300 (and with respect to 
the fluid flowing in fluidpass^^ 

the fluid results in superior UV energy trahsmlsslpn distributipn throughout 
io; the fluid. . 

Although UV energy sensors are not specifically illustrated in 
Figure 4, it is contemplated that such sensors could be provided in any of a 
number of positions to sense the UV energy provided by UV energy source 
. arrays 400. For example, UV energy sensors may be positioned on side vyall^ 
\5 301 partially defining fluid passageway 300, opposite UV energy source 
arrays 400/ Alternatively, sensors 108 are optionally positioned within or 
adjacent apertures 302. The sensors 108 can be optionally' positioned vyithjn 
- or above passageway 300 as well. . ■ ; 

' Figure 5 is a schematic diagram illustrating a^^ for V 

20 exposing a fluid to UV energy to treat and/or disinfect the fluid. The system 
includes a fluid passageway 500a at least partially de^ 
transmissive barrier 511, and another fluid passageway SOOb at least 
partially defined by UV energy transmissive barrier 521. UV energy 
transmissive barrier 511 extends through outer enclosure 510, and UV 
25 energy transmissive barrier 521 extends through outer enclosure 520. 

Outer enclosure 510 houses UV energy source array 512 (e.g., 
LED array 512), and outer enclosure 520 houses UV energy source array 
522. For example, the configuration of UV energy source arrays 512 and 
522, with respect to outer enclosures 510 and 520, may be similar to the 
30 configurations described by reference to Figure 1. UV energy source array 
512 (or UV energy source array 522) provides UV energy to a fluid flowing 
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through the fluid passageway defined by UV energy transmissive barrier 511 
(or the fluid passageway defined by UV energy transmissive barrier 521). 

Although barrier 511 and barrier 521 are described as being UV 
energy transmissive, it Is not necessary that the entire length of barrier 511 
and barrier 521 be UV energy transmissive^ For example, it may be practical 
in certain circumstances to only provide the portion of barrier 511 (or barrier 

521) that is adjacent UV energy source array 512 (or UV ener^ 

522) as UV energy transmissive. 

The system illustrated in Figure 5 also includes valves 514, 
514a, 524, and 524a. Fluid flows in direction ''d" from the left to the right, 
as illustrated in Figure 5. For example, if valyes 514 and 514a are open, and 
valves 5^4 and 524a are closed> fluid will flow through the.fluid passageway 
defined by UV energy transmissive barrier 511. Conversely, if valves 524 
and 524a are open, and valves 514 and 514a are closed^ fluid will flow 
through the fluid passageway defined by UV energy transmissive biarrier 521. 
Further still, if each of valves 514, 514a, .524, and 524a are open (or at least 
partially open) fluid will flow through the fluid passageways defined by both 
UV energy transnfiissive barrier 511 and UV energy transmissive barrier 521. 
Further still, each of valves 514, 5l4a, 524, and 524a may be closed for 
some period if desired. 

In order to treat and/or disinfect the fluid flowing through the 
fluid passageway defined by UV energy transmissive barrier 511, UV energy 
is transmitted toward the fluid using UV energy source array 512. Further, in 
order to treat and/or disinfect the fluid flowing through the fluid passageway 
defined by UV energy transmissive barrier 521, UV energy is transmitted 
toward the fluid using UV energy source array 522. 

In the scenario where fluid flows through the fluid pass^^ 
defined by UV energy transmissive barrier 511 (i.e., valves 514 and 514a are 
open, valves 524 and 524a are closed), after some period of pperation, UV 
transmissive barrier 511 may become dirty or fouled (e.g., from scaling or 
other buildup) such that adequate UV energy may not be transmitted 
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through UV transmissive barrier 511 to treat and/or disinfect the fluid 
adequately or efficiently. In order to determine if adequate UV energy is 
transmitted to the fluid, UV energy sensors 108 included in the UV energy 
source array 512 may continuously or periodically sense transmitted UV 
energy/ 

If adequate UV energy is hot being triansmitted to the fluid 
because UV transmissive barrier.5il :should be cleaned^^flQvyYOf.the flui 
be diverted from the fluid passageway defined by UV energy trahsmissiYe 
barrier 511 to the fluid passageway defined by UV energy transmissive 
barrier 521. Sucti a diversion can be accpmplished, for example, by closing 
valves 514 and 514a/and openingj y^ ^ 

Alternatively, valves 514 and 514a may be partially closed to 
reduce fluid flow in the fluid passageway diefiried by UV energy transrhissive 
barrier 511. Because the yol^ reduced, 
adequate' UV energy nnay be provided to. treat the fluid in the fluid 
passageway defined by UV energy trahsmissive barrier 511. 

The system illustrated in Figure 5 also includes a cleaning 
system for cleaning either of UV transmissive 511 or 521. The exemplary 
cleaning system for UV transmissive 511 illustrated in Figure 5 includes . 
cleaning device shaft 519 and cleaning device head 5liB. Cleaning device 
head 518 moves along cleaning device shaft 519 using power and control 
provided from motor control 516. Similariy, the cleaning system for UV 
transmissive barrier 521 includes cleaning device shaft 529 and cleaning 
device head 528. Cleaning device head 528 moves along cleaning device 
shaft 529 using power and control provided from motor control 526. 

As such, in the event that fluid is diverted from the fluid 
passageway defined by UV energy transmissive Iparrier 511 to the fluid 
passageway defined by UV energy transmissive barrier 521, the cleaning, 
system including cleaning head 518 can be used to dean UV transmissive 
barrier 511. Fpr example, cleaning head 518 can be moved eilong cleaning 
device shaft 519 to scrub and clean the sidewalls of UV transrnissive barrier 
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511 (e.g., UV transmissive plexiglass. pipe). Likewise, in the event that fluid 
Is diverted from the fluid passageway defined by UV energy transmissive 
barrier 521 to the fluid passageway defined by UV energy transmissive 
barrier 511, the cleaning system including cleaning head 528 can be used to 
5 clean yv transmissive barrier 521. 

The diversion of fluid flow from the fluid passageway defined by 
: UV energy transmissive barrier 511 to the fluid passagevyay defined by UV- 
energy transmissive barrier 521 (or vice-versa) may be configured to be 
automatic upon the UV energy sensors determining that adequate UV energy 
10 can not be transnriitted to the fluid through UV transmissive barrier 511. 
Alterhatively, an ihdica^^ of UV transrhissiye 

barrier 511 (or UV transmissive barrier 521) may be p 
transfer of flow may be accomplished manually. 

Figure 6 is a flow diagram illustrating a method of exposing a 
15 fluid to UV energy for treatnrient and/or disinfection of the fluid. At optional 
, step 600 fluid flows through a fluid passageway. Step 600 Is Qptional 
because the present invention may also.be utilized to expose a fluid to UV . 
energy if the fluid is statipnary (i.e., not flowing), At step 602, a fluid in a 
fluid passageway is exposed to UV energy by transmitting UV energy thr-ough 
20 a UV energy transmissive barrier at least partially defining the fluid 

pas$ageway. For example, the UV energy transmittied may be provided by a 
UV energy source ?rray including a plu 
LEDs), as illustrated in Figures 1-4. At step. 604 the amou 
transmitted through the UV energy transnriissive barrier is sensed. For ■ 
25 example, the UV energy may be sensed by UV energ|y sensors similar to 
those described by reference to Figures 1-3. 

At optional step 606, fluid flow is diverted from the fluid 
passageway to another fluid passagieway after sensing an amount of UV 
energy transmitted through the UV energy transmissive barrier is below a 
30 predetermined amount. For example, this diversion of fluid flow may be 

acconhplished using a system similar to that described by reference to Figure 
" ■ 5.. . ■ ■ ■ . ■ ■ 
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By using a system including UV energy sources (e.g./LEDs) to 
treat and/pr disinfeGt the fluid, various benefits over alternative fluid > 
treatment and disinfection systems (e.g., using Mercury vapor lampsy rnay j 
be provided, for example: lower energy source cost, to^ ; 
.5 requirements, substantially non-explosive energy source (therefore 
'"^■^^ : eliminating or substantially reducing potentiial exposure of the fluid to . 
mercury), longer energy source life, more consistent energy output over the 
lifetime of the energy soured and simplified and ihexp^^ 
and replacement of energy sources. 

10 By providing the UV energy sensors to sense UV energy 

transmitted through the UV transmissive barrier at least partially defining the 
fluid passageway, an accurate cleaning schedule of a fluid passageway 
(including the UV transmissive barrier) may be provided. As such, cleaning 
of the fluid passageway may be scheduled based on actual data from the UV 

15 energy sensors, as ppposed to haying a fixed cleaning schedule. As such, . 
^ fewer cleaning operadons may be conducted. ^ > : " 

Althpugh the present invention has primarily been described as 
exposing a fluid to UV energy when the fluid is flowing, is not limited thereto. 
" The systenris and methods of exposing a fluid to UV energy disclosed herein * , 
20 apply to stationary fluids (e.g., in a vessel), as well as fluids that are in • . 
motion. 

Although the present Invention has primarily been described 
with respect to LEDs being the UV energy sources, it is not limited thereto. 
Any UV energy source may be utilized so long as the UV energy source can 
2$ produce. enough energy to adequately treat and/or disinfect the fluid. 

Although the cleaning system of the present inveritipn has been 
described primarily as a cleaning device head that moves along a cleaning 
device shaft, it is not limited thereto. Any cleaning device or system may be 
utilized that can adequately clean any scale or buildup from the ifluid - . 
30 passageway, partifcularly the UV transmissive barrier at least partially defining 
the fluid passageway. For exampie, a chemical may be deposited into the 
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fluid passageway to react with, and remove, scale and/or buildup from the 
UV transmissiye barrier at least partially defining the fluid passageway. 

Although the present invention has primarily been described in 
terrns of UV energy sensors positioned adjacent a first side of a fluid 

■ passageway for sensing UV energy from :UV energy sources positioned 
adjacent a second side of the fluid, passageway (substantially opposite from 
the UV energy sensors)/ it is not limited thereto. For example, a mirror or 
other reflective device may be positioned adjacent a first side of the fluid 
passageway, and the UV ener^^^ and UV energy sensors may be 

positidried adj^ of the fluid p^ssageyviay. As such, the 

UV. energy may be t^ansnnitted f^^ $ources across the fluid -in 

the fluid passage to the niirror or reflective device oh the ppppsite side 
of the fluid passageway, and then back to the UV energy sensors. Thie 
reflected energy transmitted back may be sensed by the UV energy sensors; 
and a? such, the status of the fluid passageyyay including the UV energy 

'^transmissive barrier at least partially defihihig the fluid passageway (e.g., 

' dean, dirty, etc.) may be determinedi ' 

Although the invention is illustrated and described herein with ■ 
reference to specific embodiments, the invention is not intended to be limited 
to the details shown. Rather, various modifiqations may be made in the 
details vyithin the scope ;and range of equiva and without 

departing from the invention. 



